Estimates of the accuracy of clinical diagnosis of Parkinson's disease (PD) range between 46% and 90%, the accuracy of diagnosis dependent on prolonged clinical observation and clinical response to levodopa. For this reason, we need reliable diagnostic biomarkers. The cardinal hallmark of PD is alpha-synuclein aggregation in the brain. Demonstrating pathological alpha-synuclein in live patients would be useful for identifying and monitoring PD patients. By autopsy studies and in vivo studies, the presence of alpha-synuclein has been demonstrated even outside the central nervous system and the gastro-enteric tract appears to be the most promising candidate tissue for biopsy-taking and the esophagus and salivary glands appear to be the area with the highest concentration of alpha-synuclein. The purpose of our study is to conduct a review to determine the utility of salivary gland biopsy for the histological diagnosis of PD. A computerized medline study was carried out through the use of pubmed: using the MeSH terms: 'salivary gland biopsy for PD', 'PD and dysphagia', 'alpha-synuclein and salivary gland'. We found 9 articles about minor salivary glands and submandibular gland biopsy for diagnosis of PD. According to the results of this review, the submandibular gland biopsy is the test with the increased sensitivity and specificity compared to the biopsy of the minor salivary glands (sensitivity: 0.85 and 0.37 respectability and specificity: 0.96 and 0.94 respectively). New studies are necessary on a wider population to confirm these results.
Introduction
Parkinson's disease (PD) is a neurodegenerative disorder characterized by a progressive loss of neuronal systems affecting more than 3% of individuals over the age of 75 (de Lau and Breteler, 2006) , in addition, PD is the second most common neurodegenerative disease after Alzheimer's disease. According to the MDS criteria, the diagnosis of PD is made clinically based on typical motor symptoms such as bradykinesia, rigidity, tremor and postural instability, nevertheless some non-motor symptoms can precede the onset of motor symptoms by a decade. These are olfactory disturbances, sleep disorders (especially rapid eye movement sleep behaviour disorder), gastrointestinal and oral dysfunction, and depression. Estimates of the accuracy of the clinical diagnosis of PD range between 46% and 90% (Rajput et al., 1991; Hughes et al., 1992 Hughes et al., , 2001 , and the accuracy is dependent on prolonged clinical observation and clinical response to levodopa. For this reason, we need reliable diagnostic biomarkers. The neuropathological hallmark of PD is abnormal accumulation of alpha-synuclein (α-SYN) in dopaminergic neurons of the substantia nigra and locus ceruleo. By autopsy studies and in vivo studies, the presence of α-SYN has been demonstrated even outside the central nervous system, like in the autonomic nervous system, enteric nervous system and human fluids (saliva, red blood cells and cerebrospinal fluid). The gastro-enteric tract however, appears to be the most promising candidate tissue for biopsy-taking and the esophagus and salivary glands appear to be the area with the highest concentration of α-SYN (Dickson et al., 2009) .
The purpose of our study is to conduct a review to determine the utility of salivary gland biopsy for the histological diagnosis of PD.
The clinical manifestation of oral dysfunction
Oral dysfunction can precede the onset of motor symptoms by a decade and may affect the quality of life and debilitate patients to a significant degree during the course of PD (Marshall, 1979; Jean, 1984) . There are reports of PD being associated with bruxism, temporomandibular disorders, and subjective taste impairment. Burning mouth syndrome is more common in PD and this could be a result of decreased dopamine levels and dopamine dysregulation (Zlotnik et al., 2015) .Patients with PD have poor oral hygiene. They have fewer remaining teeth, more caries, gingival recession, and increased tooth mobility (Mukherjee et al., 2016) . The poor oral health may be because of lower frequencies of tooth brushing, motor impairment, apathy, depression, and cognitive impairment (Müller et al., 2011) . Drooling is an important component of PD, and its frequency varies from 10% to 84% probably because of lack of standard definition and criteria for diagnosing drooling (Srivanitchapoom et al., 2014) . Drooling in PD has been linked to dysphagia with less efficient swallowing (Kalf et al., 2011; Nicaretta et al., 2013) rather than increased salivary production. Studies have reported a decrease in salivary production in PD (Proulx et al., 2005) , hence, one study reported that drooling is a result of difficulty swallowing, particularly due to impaired oropharyngeal transport and reduced swallowing frequency. Tongue bradykinesia was found to be the most important factor for impaired oropharyngeal transport and reduced swallowing frequency (Inagi et al., 1998) . Besides causing difficulty in ingesting food and medicine, dysphagia in PD with prolonged swallowing time is associated with the risk of aspiration pneumonia (Li et al., 2008) .
Structure and role of α-synuclein
PD is neuropathologically characterized as an α-SYN synucleinopathy. The three most common entities of this group are PD, dementia with Lewy bodies, and multiple system atrophy.
Differences in the cellular location of α-SYN aggregates and the neuronal populations affected lead to clinically distinct diseases (Spillantini and Goedert, 2000; Campbell et al., 2001) . α-SYN is normally expressed in various brain regions (Uéda et al., 1993; Iwai et al., 1995) .
In neurons, alpha-SYN exists in equilibrium between cytosolic and membrane-bound states. Cytosolic alpha-SYN has a natively unfolded monomeric state with no significant secondary structure, whereas membranebound alpha-SYN adopts an-helical multimeric conformation (Weinreb et al., 1996) .
In contrast to these physiological conformations, under pathological relevant conditions that trigger aggregation, alpha-SYN monomers undergo major structural change from its natively unfolded state into oligomeric intermediates and protofibrils and then to the characteristic β-sheet-rich structure and crossed b-conformation in highly organized amyloid-like fibrils and finally deposition into Lewy bodies (Wood et al., 1999) .
Despite the long focus on alpha-SYN, its exact normal function still remains unclear. General functions ascribed to alpha-SYN include modulation of physiological processes such as synaptic vesicle pool maintenance, neuronal plasticity, and dopamine metabolism (Mochizuki et al., 2018) .
The mechanisms proposed to describe the neurotoxicity of alpha-SYN and its aggregates include mechanical distortion of cellular compartments/processes, toxic gain of function or loss of physiological function, with possible synergism of such mechanisms (Bennett, 2005) .
Review of the literature on salivary gland biopsy
A computerized medline study was carried out through the use of pubmed: using the MeSH terms: 'salivary gland biopsy for PD', 'PD and dysphagia', 'alpha-synuclein and salivary gland'. We found 9 articles about salivary gland biopsy and PD (Table 1) .
Del Tredici et al. made an autopsy-based study of submandibular gland. Lewy pathology was present in PD (9/9 cases) and incidental Lewy body disease (2/3 cases) but not in multiple system atrophy or controls (Del Tredici et al., 2010) . Cersosimo et al. performed minor salivary gland biopsy in 3 PD and 3 age matched controls abundant α-SYN profiles were detected in 2 of 3 PD but in none of controls (Cersósimo et al., 2011) . Beach et al. performed staining for phos-α-Syn in sections of large segments (simulating open biopsy) and needle cores of submandibular gland from 128 autopsied and neuropathologically classified subjects. Immunoreactive nerve fibers were present in all 28 PD subjects (including 3 that also had progressive supranuclear palsy); three Alzheimer disease with Lewy bodies subjects were also positive, but none of the other subjects were positive. Cores from frozen submandibular glands were positive for α-syn-phos in 17 of 19 PD patients (Beach et al., 2013) . These results led Adler and collaborators to do needle core biopsy of submandibular glands and biopsy of minor salivary gland. In this study, 15 patients with PD were biopsied: 12 of the needle core biopsies had microscopically evident submandibular gland tissue to assess and 9/12 (75%) had phos-α-SYN while only 1/15 (6.7%) minor salivary gland biopsies were positive for phos-α-Syn (Adler et al., 2014) .
Successively Adler et al. did a study designed to assess in vivo submandibular gland needle biopsies in early PD patients with disease duration of <5 years as well a control group: positive staining was found in 14 of 19 (74%) PD and 2 of 9 (22%) control subjects (Adler et al., 2016) .
Folgoas et al. in 2013 examined minor salivary glands in16 patients with PD and 11 control subjects. Abnormal accumulation of α-SYN was found in 3 out of 16 PD patients and two control subjects exhibited weak phos-α-Syn (Folgoas et al., 2013) .
Gao et al. examined minor salivary gland: abnormal accumulation of α-synuclein was found around the gland cell in 9 of the 13 patients with PD, but in none of the control subjects (Gao et al., 2015) . Vilas et al. recruited 21 patients with idiopathic rapid-eye-movement sleep (IRBD), 24 patients with PD, and 26 controls. α-SYN aggregates were detected in nerve fibres of the glandular parenchyma in 8 (89%) of 9 patients with IRBD and 8 (67%) of 12 with PD, but none of the controls (Vilas et al., 2016) . Our group examined minor salivary gland in 7 patients diagnosed with PD and 7 healthy subjects. The ratio of nerve fibers immunoreactive to α-SYN was slightly decreased in PD patients compared with healthy subjects. Conversely, Ser129-phosphorylated-α-synuclein immunoreactive nerve fibres were identified in 5/7 PD cases but never in healthy subjects (Carletti et al., 2018) (Figure 1 ).
Submandibuar gland biopsy
For the core needle biopsy of the submandibular glands, either an 18-gauge or 16-gauge needle was used. Submandibular glands were localized by palpation or under ultrasonography guidance and biopsies were performed unilaterally, local anaesthetic (0.5 ml of lidocaine) was injected into the skin overlying the submandibular gland. Between 3 and 6 needle cores were taken, depending on amount of tissue collected as determined by the otolaryngologist for each subject, by reinsertion of the needle at different angles through the same skin puncture site (Adler et al., 2016) or through different punctures (Vilas et al., 2016) .
A core needle biopsy performed by ultrasound guide makes the procedure more precise and allows the extraction of gland tissue easier than when carrying out only palpation (Vilas et al., 2016) .
No major complications occurred in the individuals who had submandibular glands biopsy. Minor complications were mild oral bleeding, most likely related to a salivary duct injury that was easily stopped after applying manual compression, mild-to-moderate local pain and small subcutaneous hematoma at the puncture site; excess fluid expelled from the needle biopsy site after a sneeze, swelling under the chin, however, these adverse events were transient and did not need treatment.
Minor salivary gland biopsy
The minor salivary gland biopsies were performed by everting the lower lip and injecting local anesthetic (0.5 ml lidocaine) subcutaneously. An 8-10 mm incision was made, and all minor salivary glands were obtained and immediately fixed with formalin 10%. Three dissolvable sutures were used to close incision site. No major complications occurred in patients, minor complications were moderate local pain and small subcutaneous hematoma.
Discussion
Recent studies have demonstrated the presence of α-SYN outside the central nervous system, like in the autonomic nervous system, enteric nervous system, and human fluids (saliva, red blood cells and cerebrospinal fluid). The gastro-enteric tract however, appears to be the most promising candidate tissue for biopsy-taking and the esophagus and salivary glands appear to be the area with the highest concentration of α-SYN (Dickson et al., 2009 ). According to the results of our review, core needle biopsy of the submandibular gland and biopsy of the minor salivary gland are safe procedures that allow the detection of phos-α-Syn deposits in individuals with a clinical diagnosis of PD.
The results of our research show that the biopsy of the submandibular gland was positive for α-SYN in 68/80 patients with the diagnosis of PD, whereas the biopsy of the minor salivary glands was positive in 20/54 patients. The false positives with the submandibular gland biopsy were 2/54 patients while with the biopsy of the minor salivary glands 2/34 patients. The submandibular gland biopsy is the test with the increased sensitivity and specificity compared to the biopsy of the minor salivary glands (sensitivity: 0.85 and 0.37, respectively; specificity: 0.96 and 0.94 respectively). Furthermore, a core needle biopsy performed by ultrasound guide makes the procedure more precise and allows the extraction of gland tissue easier than when carrying out only palpation (Vilas et al., 2016) .
It is evident from our review that there is discordant data in literature about the results obtained with biopsies, probably due to different methods used to search Lewy Bodies. These variable results may be attributable to different bio-specimen collection techniques, biopsy locations, histological methods, and observer criteria and experience. A wide variety of antibodies, as well as divergent fixation, epitope exposure, and signal development methods have been employed. A major shortcoming has been that almost all published studies to date have originated at single centres, with no independent blinded replication. In addition, clear morphological criteria for what is considered positive or specific staining has generally been lacking and it is often difficult to understand the micro-anatomical nature of stained structures from the published photomicrographs (Schneider et al., 2016) .
We noticed that some studies looked for alpha-SYN and others for phos-α-SYN, however it became clear that peripheral α-SYN is also detectable in healthy individuals. Therefore, Beach et al. proposed to use antibodies against phos-α-SYN with proteinase K pre-treatment, because phos-α-SYN is expressed at very low levels in healthy patients and proteinase K digests normal α-SYN. It is concluded that phos-α-Syn is the best hallmark for α-synucleinopathy (Beach et al., 2013) .
A wide variety of antibodies, as well as different biospecimen collection techniques and observer criteria have been used, for this reason the Systemic Synuclein Sampling Study (S4) is very interesting. The S4, funded by the Michael J. Fox Foundation, will evaluate α-SYN in multiple tissues and biofluids within the same subject and across the disease spectrum to identify the optimal biomarker source and provide vital information on the evolution of peripheral α-SYN throughout the disease (Visanji et al., 2017) .
Conclusion
The identification of the PD specific biomarker is relevant as it may allow in vivo minimally invasive diagnostic procedures for PD based on peripheral tissue biopsies, thus aiding diagnosis and distinction of PD from other Parkinsonian diseases such as multiple system atrophy and progressive palsy. According to the results of our review, core needle biopsy of the submandibular gland and biopsy of the minor salivary gland are safe procedures that allow the detection of phos-α-Syn deposits in individuals with a clinical diagnosis of PD.Furthermore, the submandibular glandular biopsy is more sensitive and more specific than the biopsy of the minor salivary glands in the diagnosis of PD. Full assessment of the clinical potential of biopsy will only be achieved through large multicentre trials in which both the initial detection methodology and histology have been assessed by blinded pathologists.
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